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Introduction
Chuxnabán Mixe is a Mixe-Zoque language spoken by nine hundred people in one village in Oaxaca, Mexico. The Mixe territory is composed of two hundred and ninety communities (Torres Cisneros 1997) . Each community speaks a different variety of Mixe, and some are mutually unintelligible. In many cases it is unclear whether a particular variety represents a distinct language or dialect, given that the documentation of Mixean languages is very limited. While some linguists divide Oaxaca Mixean into four main varieties: Lowland Mixe, Midland Mixe, South Highland Mixe, and North Highland Mixe (Campbell 1997; Wichmann 1995) , the Ethnologue lists eight different Mixean languages spoken in Oaxaca and divided into two larger branches: Eastern Mixe with six languages and Western Mixe with two languages (Gordon 2005) . Chuxnabán Mixe has been identified by its speakers as Midland Mixe, and corresponds to Quetzaltepec Mixe in the Ethnologue entry. To date, there are very few phonetic and phonological studies of Mixean languages (Bickford 1984 (Bickford , 1985 Crawford 1963; Hoogshagen 1959; Jany , 2007 and only a handful of grammatical descriptions (De la Grasserie 1898; Hoogshagen 1997; Ruiz de Bravo Ahuja 1980; Schoenhals 1982; Van Haitsma 1976) .
While Chuxnabán Mixe continues to be learnt as a first language by children, the proficiency of these speakers is limited given that all education is offered in Spanish. Furthermore, the proficiency is rapidly declining because many people migrate to cities or to the United States. Communication with Mixean speakers from other villages often occurs in Spanish, especially if the variety spoken is very distinct. As a result, language use is restricted to unofficial daily activities within the community, and literacy is limited to the official language: Spanish. Due to the limited use, the growing bilingualism, and the exclusive literacy in the dominant language Chuxnabán Mixe is considered unsafe (Brenziger et al. 2003; Grenoble and Whaley (2006) . This paper presents the first detailed descriptive outline of the sounds and major phonological processes found in Chuxnabán Mixe. The data for this work comes from fieldwork conducted in 2006 and 2008 in the community, as well as from continuous sessions with a Linguistic Discovery 9.1: speaker living in the United States. Chuxnabán Mixe has a relatively simple consonant system and a complex vowel system with a phonemic vowel length distinction and a phonemic phonation contrast between plain, aspirated, and glottalized vowels. The vowel system varies greatly among the different Mixean languages and dialects (Crawford 1963; Hoogshagen 1997; Schoenhals 1982; Suslak 2003; Van Haitsma 1976; Wichmann 1995) . The consonant system shows several traits common to Mesoamerica (Campbell et al. 1986 ), such as allophonic obstruent voicing and final sonorant devoicing, and it is identical across Mixean languages with some minor exceptions.
The following sections describe the consonant system, phonological processes affecting consonants, the complex vowel system, and orthographic conventions. The sound files included here were recorded between 2006 and 2008 during field trips to the village and with a speaker living in the United States. The recordings were made on either a Mini-Disc recorder or a Solid State Edirol recorder with a head-mounted Shure microphone and examined using Sound Forge and Praat software. Male and female speakers were recorded ranging from seventeen to eighty years of age, and data from elicitation, as well as from narratives, are included.
The Consonant System
There are eleven consonantal phonemes: four stops, two nasals, two fricatives, one affricate 2 , and two glides, in addition to eight phonemes /b, d, g, f, s, ɾ, r, l/ occurring in Spanish loans. The consonants are summarized in Tables 1 and 2 . Corresponding symbols in the practical orthography, if different from the symbols used in the International Phonetic Alphabet (IPA), are included in angled brackets. Phonemes from Spanish loans are in parentheses.
The glottal stop has only been identified as a phoneme when it forms part of a syllable nucleus, as in Vˀ and VˀV and in cases where a prefix is attached to a vowel-initial word. The glottal fricative /h/ functions as a phoneme in onset and coda position, as well as when it is part of the nucleus VVʰ, with different phonetic realizations in each prosodic position. The following list of minimal pairs illustrates the phonemic contrasts.
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The glottal stop is inserted word-initially when a word starts with a vowel in order to avoid an onsetless syllable. This results in minimal pairs, such as 'ak 'skin' versus pak 'pigeon'. Given this predictable distribution, it is not regarded as showing a phonemic contrast in this position unless a prefix is attached, as in the following examples.
Glottal stops are always considered phonemic when they form part of the vowel nucleus as reflected in the laryngeal timing of creakiness in the middle or last portion of the vowel. The following minimal pairs illustrate this contrast.
The eight phonemes from Spanish loans /b, d, g, f, s, ɾ, r, l/ are illustrated in the following examples. Minimal pairs are not presented here given that the phonemic contrasts refer to the Spanish language.
Allophonic variations for all consonantal phonemes, except the ones from Spanish loans, and phonological processes affecting consonants are described in the following sections.
Stops p, t, k, ˀ
Chuxnabán Mixe has four stops in bilabial, alveolar, velar, and glottal position. Their allophones include voiceless, voiced, aspirated, and unreleased stops; the glottal stop generally manifests as creakiness on the vowel.
The bilabial, alveolar, and velar stops /p, t, k/ are voiced after nasals and glides in word-initial and word-medial clusters, but not word-finally. Word-medial single consonants affected by palatalization are always voiced given that palatalization, a suprasegmental process in Mixean languages, creates an onglide in addition to an offglide. If the first consonant in a word-medial cluster is voiceless and palatalized, no voicing occurs, even though an offglide follows the cluster. The stops are also voiced intervocalically after plain and interrupted vowels, but not after aspirated or glottalized vowel nuclei. There is no voicing word-finally. The voicing of stops is a common phenomenon in the world's languages (Ladefoged and Maddieson 1996) . Allophonic alternations involving the voicing of stops after nasals and intervocalically are also reported for other Mesoamerican languages (Campbell et al. 1986 ) and for other Mixean languages (Crawford 1963; Hoogshagen 1997; Schoenhals 1982; Van Haitsma 1976; Wichmann 1995) . Hence, Chuxnabán Mixe is typical in this regard. Crawford (1963) notes for Totontepec Mixe that /t/ and /k/ are realized as voiced fricatives intervocalically; in Chuxnabán Mixe, they are realized as voiced stops. The aspirated allophones [pʰ, tʰ, kʰ] generally occur word-finally in single stops, stopclusters, and other voiceless consonant clusters. Both stops tend to be aspirated in word-final consonant-clusters. In word-medial voiceless clusters, the first or both stops are occasionally aspirated. The aspirated allophones are also found in clusters with alveolar and post-alveolar fricatives and affricates, such as kxp, pxp, tsp, xp, kxk, pxk, tsk , and xk. Occasionally, initial stops are aspirated. Some speaker variation is noted, as well as variation within multiple instances of the same word and speaker. Similar variations have been reported for other Mixean languages, such as Isthmus Mixe, also known as Guichicovi Mixe, where aspiration is described as a stylistic variation ).
Aspirated stops word-finally:
The occasional word-initial aspiration of voiceless stops is confirmed by measurements of voice onset time (VOT) ranging from 5-123 ms. A total of 99 tokens were measured from four different speakers, two females and two males. The data included 6-12 tokens per voiceless stop in 2-4 different monosyllabic words with the target consonants in word-initial position, mostly before /a/ and before /i/ or /u/ 4 . The number of tokens is summarized in Figure 1 . Figure 2  illustrates The results in Figure 2 reveal great speaker variation with respect to VOT, especially for the velar voiceless stop /k/. In fact, the measurements indicate a VOT range from 22-123 ms for /k/ (this is not obvious in Figure 2 , which displays only the mean values). /p/ and /t/ show less variation with VOT for /p/ ranging from 6-26 ms and for /t/ from 5-37 ms. When comparing the three places of articulation, it is apparent that VOT is significantly longer for velars than for bilabials and alveolars and that it increases with backness.
In addition to VOT, closure duration was measured for the three voiceless stops. Monosyllabic words were used where consonants followed a low vowel /a/ or /ä/ and a high vowel /i/ or /u/. The data consisted of 3-9 tokens per stop in 1-3 different words with the target consonants word-finally 5 . The number of tokens is summarized in Figure 3 . The mean values for the duration measurements are illustrated in Figure 4 . In general, closure duration decreases with backness, though the mean closure duration for each stop varies greatly by speaker and token. The numbers range from 174-250 ms for /p/, 108-284 ms for /t/, and 120-254 ms for /k/. This variation in closure duration could be interpreted as a phonetic correlate of a possible fortis/lenis contrast (Bickford 1985) with fortis stops showing a greater duration than lenis stops word-finally. It would then be expected that stops in the same word would always be either fortis or lenis across speakers having roughly the same duration. However, this is not the case as Figure 5 illustrates for /t/ in jut 'hole' and /k/ in pik 'round'. The results for VOT and closure duration are consistent with the well-documented relation across languages between VOT, closure duration, and place of articulation whereby VOT is shorter for bilabials than for velars, and alveolars have an intermediate value between the two (Maddieson 1997; Cho and Ladefoged 1999) . Moreover, there is often an inverse correlation between closure duration and VOT whereby bilabial closures are longer than velars, again with alveolars showing an intermediate value between the two (Maddieson 1997; Cho and Ladefoged 1999) .
The voiceless stops are occasionally unreleased when occurring in consonant clusters. The same words have been recorded with released and unreleased allophones for the same speakers, hence no conditioning factor can be identified. Nevertheless, the voiceless bilabial stop /p/ is most often unreleased word-finally when following a bilabial nasal /m/. The waveforms in Figures 6 and 7 illustrate the point.
Unreleased voiceless stops:
jaamp
Linguistic Discovery 9.1:31-70 Unreleased stops have also been described for other Mixean varieties (Crawford 1984; in similar environments as observed in Chuxnabán Mixe. indicates that stops are unreleased before pauses in Isthmus Mixe. Crawford (1984) states for Totontepec Mixe that p, t, k are unreleased word-finally and before other consonants. An unreleased bilabial stop has also been reported for Oaxaca Chontal, another Mesoamerican language spoken in Oaxaca (Maddieson et al. 2009 ).
The glottal stop generally manifests as creakiness on the surrounding vowels within the same word. It occurs word-initially and word-medially in intervocalic position. Word-initial glottal stops are generally inserted to avoid onsetless syllables, but this is not a general rule as there are instances with no initial glottal stops if there are no prefixes. The glottal stop always surfaces when a prefix is attached to a vowel-initial root. The glottal stop of the glottalized and interrupted vowel nuclei is discussed in section 3.
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Glottal stop as creaky vowels:
Fricatives ʃ, h
There are two fricatives in Chuxnabán Mixe in postalveolar and glottal position: /ʃ, h/. The postalveolar fricative has four allophones, a retroflexed and nonretroflexed voiceless and voiced sibilant. The glottal fricative phoneme has only two allophones in onset and coda position, voiceless and voiced, and differs from the aspiration found in syllable nuclei (see section 3).
The postalveolar fricative is retroflexed unless palatalization occurs. Voicing occurs after nasals and glides word-initially and word-medially, but not word-finally. Voicing also occurs when the fricative is affected by palatalization in word-medial position, given the onglide created by palatalization, and before glides. It is also voiced intervocalically after plain and interrupted vowels. Occasionally, only partial voicing occurs in the initial segment, as shown in Figure 8 . There is no voicing word-finally. The glottal fricative is voiced intervocalically, as in Figure 9 .
Retroflexed voiceless postalveolar: Fricative voicing is not a common phenomenon in the world's languages (Ladefoged and Maddieson 1996:176-8) . Hence, Mixean languages are typologically special in this regard. Duration measurements of four speakers, two males and two females, reveal that word-final fricatives are longer than those in word-initial position and that those affected by palatalization are longer than those not affected by it in the same position. Final lengthening is typologically common and has been reported in a number of languages (Gordon 2006; Hayes 1989) . A total of 120 tokens were measured, 3 repetitions of 10 different monosyllabic words for each speaker. They include /ʃ/ word-initially, word-finally, and palatalized word-finally 6 . Only voiceless allophones were measured. The results in Figures The glottal fricative has two allophones [h, ɦ] when functioning as an onset or as a coda. Its phonetic realization is clearly different from the aspiration found in breathy vowels. The turbulence in airflow is stronger if /h/ belongs to the onset or coda, and it is longer in duration. Furthermore, in syllables where /h/ functions as a coda, the preceding vowel does not exhibit a steady decay in intensity as in aspirated nuclei. This is shown in Figures 12 and 13. Similar phonetic and phonological features are also reported for other Mesoamerican and Mixean languages. Contrastive underlying voiced fricatives are generally absent in Mesoamerican languages (Campbell et al. 1986 ) and retroflexed fricatives also occur in other Mixean languages (Campbell et al. 1986; Van Haitsma 1976) , but not in Isthmus Mixe . In regard to the fricatives Chuxnabán Mixe represents thus a typical Mixean and Mesoamerican language.
Affricates ts, tʃ
Chuxnabán Mixe has two affricates, one in alveolar and one in postalveolar position: /ts, tʃ/. The postalveolar affricate generally results from morpheme-induced palatalization and is not treated as a phoneme in some descriptions of other Mixean languages . It has been included here because morpheme-induced palatalization of other consonants results in having an onglide and an offglide and affecting surrounding vowels, and this is not always the case with the postalveolar affricate. Moreover, the postalveolar affricate is not always evidently a result of morpheme-induced palatalization. The alveolar affricate has three allophones: voiceless, voiced, and a voiceless sibilant [s] . The postalveolar affricate has a voiceless and a voiced allophone.
Both affricates are voiced after nasals and glides word-medially and in word-initial clusters. They are also voiced intervocalically after plain and interrupted vowels and word-medially if affected by palatalization. Word-final affricates are always voiceless. The voiceless alveolar sibilant occurs in clusters with /k, p, m/ word-finally and before /n/ word-initially and word-medially. 
The voiceless alveolar affricate rather than the sibilant occurs after /n/ word-finally.
Voiceless alveolar affricate:
Occasionally, only partial voicing occurs in the initial segment, as in Figure 14 . Allophonic voiced affricates are also found in other Mesoamerican languages (Campbell et al. 1984 It could be argued that the affricates are simply sequences of two phonemes rather than a single phoneme. 
Nasals m, n
There are two nasals in bilabial and in alveolar position: /m, n/. The bilabial nasal has two allophones, voiced and voiceless. The alveolar nasal has three allophones: voiced alveolar, voiceless alveolar, and voiced velar. The voiceless nasals occur word-finally after the voiceless obstruents /p, t, k, x, ts, ch/, as in Figure 15 . The velar nasal occurs before /k/ in any cluster. Figures 16 and 17 illustrate that final nasals are not longer than initial nasals and that only two speakers, F2 and M2, show the same pattern for /n/ and /m/. Van Haitsma (1976) reports longer duration of initial nasals when a person prefix n-, m-occurs in a word with an initial nasal. This has not been tested here. Campbell et al. (1984) indicate that devoicing of nasals in final position is also found in other Mesoamerican languages. Thus, Chuxnabán Mixe is typical in this regard.
Glides w, y
Glides occur in bilabial and palatal position: /w, y/. They only have one voiced allophone each, since they do not occur in environments that would trigger devoicing. Crawford (1963) notes a voiced labio-dental and a voiceless bilabial fricative allophone for the bilabial glide /w/ in Totontepec Mixe; no such allophones have been found in Chuxnabán Mixe.
Bilabial glide:
Although the palatal glide phoneme /y/ is different from morpheme-induced suprasegmental palatalization, it can similarly cause palatalization of adjacent segments, in addition to voicing, as in the following example.
Morpheme-induced palatalization differs from the examples above in that it occurs only at word-edges, and it does not trigger voicing of adjacent segments.
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When comparing the palatal glide /y/ to the high front vowel /i/ the second formant (F2) is lower. This indicates a more retracted tongue position for /y/, as expected. F2 measurements for /u/ and /w/ reveal lower numbers for the bilabial glide /w/ showing greater lip rounding. The F2 measurements demonstrate that the two glides are clearly different from the high vowels. Measurements were only taken for one female speaker in twenty-four tokens including word-initial and word-final glides. No difference was noted with regard to prosodic position.
Suprasegmental palatalization
Palatalization in Chuxnabán Mixe, as in other Mixean languages (Hoogshagen 1997; Schoenhals 1982; Van Haitsma 1976; , is a suprasegmental process affecting not only the palatalized consonant, but adjacent vowels as well. This is perceived as an onglide and an offglide. Furthermore, it is manifested by a change in the formant structure of adjacent vowels lowering F1 and raising F2. The latter indicates fronting. One exception is the palatalized palatal glide /y/, because it does not undergo any changes with morpheme-induced palatalization . In addition to changes in the vowel quality of surrounding vowels, the release burst in palatalized consonants is different. While it shows an even distribution of turbulence in a non-palatalized consonant, the distribution of the release burst of a palatalized consonant stays in the higher frequencies. This is illustrated in Figures 18 and 19 . detailed study of palatalization in the related Isthmus Mixe shows that this phenomenon is best described as secondary palatalization: the addition of a high front tongue position as secondary articulation occurring simultaneously with the primary consonantal articulation (Ladefoged 1993 , Keating 1993 . While secondary palatalization manifests as a secondary articulation of the consonants /p, m, h, ˀ, w/, it also changes the primary position of the alveolar and velar consonants /t, k, x, ts, n/ moving them toward the palatal region . This is most apparent for the alveolar affricate ts which also changes its orthography to <ch> to represent a postalveolar affricate, as in the following example:
Morpheme-induced suprasegmental palatalization occurs at word-edges, such as when the third-person possessive prefix y-is added, as in the example above. Given that all consonants are found word-initially, all consonants can be palatalized. 8 notes that there is no other language family where secondary palatalization occurs for the entire consonant inventory manifesting a morpheme. The same principles as in Isthmus Mixe are found in Chuxnabán Mixe. The phoneme /y/ is distinct from morpheme-induced secondary palatalization. This is apparent because it does not palatalize the person prefixes n-and m-.
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However, the third person prefix y-palatalizes a following root-initial nasal:
Chuxnabán Mixe also has a palatalization process which occurs in compounds word-medially and is not morpheme-induced. If a word ending in the palatal glide precedes another word in a compound, the first segment of the second word is palatalized and voiced. 
This is different from morpheme-induced final palatalization which carries over to a segment to the left and to the right and affects entire consonant clusters. Moreover, it does not trigger voicing. The same has been observed in Isthmus Mixe .
yë'ë mtsoojkp
[jɨˀɨ mdzoːʰkp 'he/she loves you'
yë'ë chööjkypy [jɨˀɨ tʃøːʰjkʲpʲ 'he/she loves him/her'
Phonological processes affecting consonants
There are five phonological processes affecting or involving consonants: (1) obstruent voicing, (2) sonorant devoicing, (4) nasal place assimilation, (4) consonant cluster reduction, and (5) glottal stop insertion.
(1) and (2) are similar in that they both can be seen as voicing assimilation. Seven out of the eleven consonants are obstruents: /p, t, k, ˀ, x, h, ts/. Obstruent voicing occurs after nasals and glides, i.e. after sonorants, except word-finally, and it occurrs intervocalically, except after aspirated and glottalized vowel nuclei. Obstruent clusters and obstruent geminates are not voiced. Word-edges, aspirated vowels, and glottalized vowels are regarded as voiceless environments, while interrupted vowels act as a voiced segment. This can be explained with the laryngeal timing of breathiness and glottalization in these vowel nuclei. In breathy and in glottalized vowels breathiness or creakiness occurs in the last portion of the vowel, hence creating a voiceless environment on the right edge of the nucleus, while in interrupted vowels creakiness occurs in the middle portion of the vowel. Voicing at word-edges occurs only in shortened forms where the first syllable has been dropped. This shows that voicing occurs prior to shortening. The lack of voicing in morpheme-induced palatalization can be explained by metathesis #yCV -> #CyV, hence leaving a voiceless environment to the left. However, the voicing rules do not always apply in the same way, as there is token and speaker variation. This points to sound in change in progress (Jany, to appear), similar to patterns seen in Sayula Popoluca (Rhodes 2004 ). There are four sonorants, two nasals and two glides. Sonorant devoicing is also based on voicing assimilation. Sonorants devoice word-finally in clusters and word-initially before obstruents, i.e. in voiceless environments:
The same as with the voicing rules, word-edges are regarded as voiceless environments. Glides do not occur in a voiceless environment; therefore they are never devoiced. Palatalized and non-palatalized consonants are equally affected by the voicing and devoicing rules.
Devoicing
The vowels of clitics do not cause voicing, but they prevent final devoicing:
The same as with obstruent voicing, there is some token variation indicating a sound change in progress (Jany, to appear) . Obstruent voicing and sonorant devoicing are common to Mesoamerica and regarded as two defining traits of this linguistic area (Campbell et al. 1986 ).
They have also been noted in a number of other Mixean languages (Bickford 1985; Crawford 1963; Ruiz De Bravo Ahuja 1980; Schoenhals 1982; Van Haitsma 1967; Wichmann 1995 Nasal place assimilation has also been reported for a number of Mixean languages (Crawford 1963; Schoenhals 1982; Van Haitsma 1967) . Van Haitsma (1976) states that nasal place assimilation occurs in words other than verbs, and that there is some speaker variation. In Chuxnabán Mixe, a morpheme-final alveolar nasal /n/ sometimes assimilates to the following stop in place of articulation. This can be summarized as follows: Following Dieterman (2008) , the alveolar nasal could be regarded as an archiphoneme in morpheme-final position, always assimilating in place of articulation to the following segment. shows for the related Isthmus Mixe that nasal place assimilation only occurs in morpheme-final position, preserving the contrast found in the person markers n-and mword-initially. Generally, the same occurs in Chuxnabán Mixe. However, occasionally nasal place assimilation is also noted in this position. Thus, the same as with the (de)voicing rules, the irregular patters can be viewed as sound change in progress. 
In general, however, there is no cluster reduction in compounding, contrary to what found for Isthmus Mixe where compound words drop the final consonant of the first word.
Another phonological process involves the insertion of a segment. Vowel-initial words generally add an initial glottal stop to avoid onsetless syllables. It is obligatorily inserted in compounding where two adjacent vowels would occur, and when a prefix is added to a vowel-initial word.
Phonological adaptation of Spanish loans
Spanish loanwords generally experience the same phonological processes as words of Mixe origin. However, given that Spanish has additional phonemes not found in Chuxnabán Mixe, such as contrastive voiced stops, the voicing rules do not always apply. For instance, in Spanish loans word-initial and word-final voiced stops may occur, as well as intervocalic voiceless stops.
Word-initial voiced and intervocalic voiceless stop:
However, phonological processes triggered by affixing, such as obstruent voicing and metathesis, equally apply to Spanish loans.
In compounding, however, the voicing rules do not always apply.
The Vowel System
The Mixean languages vary greatly in their vowel systems (Suslak 2003) . For instance, while Totontepec Mixe has nine phonemic vowels (Schoenhals 1982) , only six are reported for Coatlán Mixe (Hoogshagen 1959 (Hoogshagen , 1997 . Nevertheless, all Mixean languages show a phonemic vowel length distinction and a phonemic phonation contrast between plain, aspirated, glottalized, and interrupted vowels. Chuxnabán Mixe has nine vowel qualities [a, e, i, o, u, ɨ, ae, ø, ʏ] The following minimal pairs illustrate the phonemic contrasts.
The minimal pairs contrasting /a/ and /ä/ may result from interdialectal borrowing, given that Mixean varieties differ mostly in their vowel systems. Furthermore, there is speaker variation, in addition to token variation. The words with the fronted vowels are sometimes pronounced with [a] instead of [ae] , and speakers will generally view both pronunciations as being the same word.
Moreover, the fronted vowel [ae] is often found in palatalized environments, i.e. next to a palatal glide or affected by morpheme-induced palatalization. The effects of suprasegmental palatalization on /o/ and /u/ are illustrated below.
'to weave' -> jyö'kypy 'he/she weaved it' noky 'paper' -> nyöky 'his/her paper'
In addition to the different vowel qualities, the complex vowel system shows a phonemic contrast between short and long vowels and between modal, breathy or aspirated, and glottalized or creaky vowels. A three-way vowel length distinction, as noted in other Mixean languages (Hoogshagen 1959; Van Haitsma 1976) , does not occur in Chuxnabán Mixe (Jany 2007) . Non-modal phonation contrasts depend on laryngeal timing. While breathiness occurs only in the last portion of the vowel, glottalization or creakiness can be found in the last, the middle, or the first portion of the vowel. These timing differences are related to differences in function. The first two involve a phonemic contrast between plain, glottalized, and interrupted vowels. The third occurs in vowel-initial words where a glottal stop is inserted initially to function as onset. Overall, the contrasts result in the following types of syllable nuclei: V, VV, VVʰ, Vˀ, and VˀV.
Modal vowels
There are nine vowel qualities [a, e, i, o, u, ɨ, ae, ø, ʏ] including three vowel qualities [ae, ø, ʏ] that have most likely developed from suprasegmental palatalization causing the fronting of [a, o, u] in palatalized environments. To determine the vowel qualities, the first and the second formants for each vowel were measured in four speakers, two males and two females. Long vowels in stressed syllables in monosyllabic words were chosen for the measurements, except for have a smaller vocal tract. For the male speaker, there is greater variation in F2 for [a] showing some instances closer [ae] . This can be explained with the occasional oscillation between the two vowels mentioned earlier. shows for the related Isthmus Mixe that vowels affected by secondary palatalization, the likely historic source for [ae, ø, ʏ] Figures 20 and 21 . The three marginal vowels are only found in stressed syllables. Interestingly, Crawford (1984) states that Totontepec Mixe has nine contrastive vowel qualities in stressed syllables and only six in unstressed syllables. Unlike in Totontepec Mixe, however, in Chuxnabán Mixe the phonemic contrasts are not reduced; the three vowels simply do not occur in unstressed syllables.
Allophonic variations for all vowels include fronted allophones adjacent to palatalized consonants and /y/. The same has been reported by for Isthmus Mixe. Ruiz de Bravo Ahuja (1980) and Crawford (1984) 
Breathy vowels
Breathy or aspirated vowels occur with all vowel qualities and are phonemic, as shown below.
Phonetically, breathy or aspirated vowels are characterized by a decay in intensity, especially during the second half of the vowel, and by post-vocalic aspiration, as can be observed by comparing Figures 25 and 26 . Similar characteristics have been described for the so-called ballistic syllables: (a) a fortis release of the onset consonant, (b) a gradual surge and rapid decay in intensity, and (c) post-vocalic aspiration (Silverman 1997). However, Chuxnabán Mixe aspirated vowels show no gradual surge in energy, but rather a gradual decay throughout, as in Figure 26 . Unlike in Jalapa Mazatec where non-modal phonation is most prominent in the first portion of the vowel (Silverman et al. 1995; Silverman 1997) , aspiration in Chuxnabán Mixe is confined to the last part of the vowel. Contrary to Mixean languages, though, Jalapa Mazatec has contrastive tone. It has been argued (Silverman 1997) that non-modal phonation in Jalapa Mazatec is realized in the first portion of the vowel for tonal contrasts to be retrieved from the second portion. When /h/ functions as an onset or a coda, its phonetic realization is different from the aspirated vowels. The turbulence in airflow is clearly stronger, and it is also longer in duration. Furthermore, in syllables where /h/ functions as a coda, the preceding vowel does not exhibit a steady decay in intensity as in aspirated nuclei (see Figures 12, 13, 25, and 26 ). Glottalized and interrupted vowels have also been reported for Copala Trique, a Mixtecan language. Interestingly, Copala Trique also exhibits interrupted vowels of the form VʰV (Silverman 1997:236) , not found in Chuxnabán Mixe. Creakiness during the initial portion of the vowel results from the insertion of a glottal stop at the beginning of a vowel-initial word to function as an obligatory onset. The glottal stop is phonetically realized as creakiness during the first portion of the vowel, as in Figure 31 . Glottal stops in coda position have not been found. Therefore, a contrast between a vowel-final glottal stop that forms part of the nucleus and one that represents a coda has not been observed, such as for the aspirated vowels where coda /h/ is different from nucleus /ʰ/.
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Time ( 
Vowel length
Chuxnabán Mixe, the same as all Mixean languages, shows a phonemic vowel length distinction between short and long vowels. This is also represented in the orthography.
A three-way phonemic vowel length contrast has been reported for Coatlán Mixe and San José El Paraíso Mixe (Hoogshagen 1959; Van Haitsma 1976) . Hoogshagen (1959) examined possible influencing factors on vowel length in Coatlán Mixe and concluded that the three-way contrast does not depend on syllable structure, vowel quality, preceding or following consonants, or intonation. Nevertheless, according to Hoogshagen (1997) , the three-way contrast is hard to hear for speakers, and is, therefore, not represented in the orthography. Bickford (1985) , quoting
Orthography
The orthography for Chuxnabán Mixe was established in 2008 in collaboration with community members. It is the result of three design stages. When I started documenting the language in 2006, I worked for several months with a female speaker, who was living in the United States, prior to my first visit to the community. At that time, my written representation of Chuxnabán Mixe was purely phonetic using IPA symbols, in order to begin documenting the language and to examine the sound system. Once I defined the phonemes, I developed a tentative phonemic orthography. This served to prepare discussion points for a community-approved orthography to be elaborated during my second visit to the village. Village officials decided that orthography design should occur in consultation with younger speakers with a high school diploma, because the younger generation would benefit the most from having written records of their language, culture, and history. The current orthography was designed in collaboration with young community members during my field trip in 2008. My role was to provide guidance with linguistic issues and spelling options. All decisions were made by community members. The orthography was then informally tested with other young community members and approved. In the design process some changes were made to my previously elaborated tentative orthography. They include: (a) the use of voiceless stops <p, t, k> for the voiced allophones [b, d, g] respectively, (b) the use of the symbol <ë> instead of <ï> for the high central vowel, and (c) with regard to suprasegmental palatalization, only the offglide after a palatalized consonant is written, but not the onglide preceding it, as in noky [nojkʲ] . In general, the following factors were considered when developing the orthography: (1) orthographies used for other Mixean languages and the general orthography established by the Mexican National Institute for Adult Education (INEA) for all Mixean languages, (2) Spanish orthography, given that community members are literate in Spanish, (3) having the simplest representation possible and, thus, using symbols found on basic keyboards rather than special IPA characters, and (4) only representing phonemes rather than allophones. With these four Linguistic Discovery 9.1: design principles in mind the following decisions were made by the community: (i) only phonemes are represented, i.e. voiced obstruents, such as [b, d, g, dz, dʒ] , are not represented, except in Spanish loans, (ii) the vowels are represented in the same way as introduced by INEA using dieresis for special vowel qualities, as in ä, ë, ö, ü, rather than IPA symbols, (iii) Spanish orthography serves as the basis for the palatalized affricate, represented as <ch>, and for the glottal fricative, written as <j>, (iv) Spanish loans are represented in their original orthography, (v) suprasegmental palatalization is written with a palatal glide <y> following the palatalized consonant, (vi) long vowels are represented by two consecutive vowels, and (vii) the glottal stop is written as an apostrophe. Some of the decisions made during this early stage may need to be revised after the documentation process has progressed and after extensive testing is conducted. Overall, the current orthography is very similar to those of other Mixean languages.
Conclusions
This paper represents the first comprehensive acoustic study of Chuxnabán Mixe, including a survey of the main consonant and vowel features. While Chuxnabán Mixe shows many areally and typologically common features, such as obstruent voicing in voiced environments, VOT patterns related to closure duration and place of articulation, nasal place assimilation, and consonant cluster reduction, among others, it also manifests typologically less common features, such as phonemic glottalization and aspiration of vowels and two distinct types of palatalization. Laryngeal timing of creakiness in vowels relates to differences in phonological function, i.e. distinctions between glottalized vowels and interrupted vowels and the insertion of a glottal stop in vowel-initial words. Moreover, the different acoustic realizations of the glottal fricative, equally linked to distinct phonological functions, i.e. an onset, a coda, or part of a phonemic vowel nucleus, illustrate the close relationship between phonetics and phonology and the importance of acoustic analysis for a better understanding of phonology. Another typologically interesting feature is palatalization, a suprasegmental phenomenon having distinct patterns when phoneme-induced or when morpheme-induced. Phoneme-induced palatalization does not affect a preceding segment, while morpheme-induced palatalization carries over to a segment to the left and to the right and affects entire consonant clusters. Palatalization also has an impact on the vowel system, possibly resulting in the emergence of new vowel phonemes in the language.
Whereas many of the same or similar features described here have also been reported for other Mixean and Mesoamerican languages, very few studies include acoustic evidence. Each Mixean community speaks a different variety of Mixe, some of which are mutually unintelligible. In many cases it is unclear whether a particular variety represents a distinct language or dialect, due to the limited documentation of Mixean languages. This work helps to shed some light on these relationships as it points out phonetic and phonological differences and similarities among Mixean languages. It also advances areal studies by showing how the Chuxnabán Mixe sound system fits into the Mesoamerican language area.
To conclude, although this study is primarily descriptive, it contributes to linguistic theory by showing how acoustic evidence can lead to a better understanding of phonology. Furthermore, the presence of irregular patterns indicating a sound change in progress, as observed with the assimilatory processes, and token and speaker variation of several acoustic features, such as the aspiration and release of stops, VOT, and nasal duration, demonstrate that languages are dynamic systems. Most importantly, however, this work aims at introducing the phonetics and phonology
